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. Supplementary Figure 4 . Calculated orientational polarizability volume of H 2 O@C 60 versus temperature, assuming a dipole moment of 0.51 Debye and gas phase rotational constants. The solid red and blue curves show seperate Boltzmann averages over the ortho and para rotational states up to J = 7, respectively. The dashed black curve shows the full thermal equilibrium polarizability volume obtained by averaging over both ortho and para states and taking into account the three-fold degeneracy of the ortho states. The dotted line corresponds to the Curie law. 
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Supplementary Discussion

NMR
The presence of a significant NMR signal at long times indicates a significant ortho fraction persisting at 5 K, far greater than the fraction expected in full thermal equilibrium.
This long-term ortho fraction, denoted Φ 5K (∞), was estimated as follows: Both the NMR data and the capacitance data were fitted to a second order model of the form f (t) = B + A/(1 + kt). For a second order model, the rate constant k depends on the time origin of the fit; a shift in time t = t + ∆t leads to a change in rate constant k = k/(1 + kt).
The NMR data was hence shifted in time to match the capacitance data rate constant, for which the temperature jump was nearly instantaneous. This time shift takes into account the slower cooling rate of the NMR probe, which leads to a reduced ortho fraction after the temperature jump, compared to the capacitance measurement: Cooling of the NMR and capacitance probes took 62 min and 8 min, respectively.By extrapolating the NMR fit to t = 0 the initial NMR signal for an instantaneous temperature jump may be estimated to be 24 % larger than the maximum NMR signal observed during the experiment. Assuming full equilibration at 25 K, the ortho fraction for an instantaneous jump is Φ 5K (0) = Φ eq 25K . Both NMR 3 and IR 12 data indicate fast nuclear spin conversion at temperatures above 15 K, so the assumption of thermal equilibrium at 25 K is expected to be valid.
Since the NMR signal is proportional to the ortho-fraction, the ratio between final and initial NMR intensities equals the ratio between final and initial ortho-fractions:
where B NMR denotes the final NMR intensity. Based on this equation we estimate a final ortho-fraction of Φ 5K (∞) = 0.13 for both NMR and capacitance data.
Capacitance and Ortho-Fraction
At low temperatures only the ortho and para ground states are populated and the H 2 O@C 60 orientational polarizability can be written as
that is, the left hand side of the Clausius-Mossotti equation depends linearly on the orthofraction Φ.
The dielectric constant = C/C 0 is determined as the ratio of the measured capacitance 
where ∆ = − . The first-order expansion is accurate to within 0.05% for experimentally encountered values of , hence the capacitance depends linearly on the ortho-fraction.
Polarizability of C 60 and H 2 O@C 60
The polarizability of C 60 is readily calculated from the dielectric constant of the pure C 60 sample (N • = 0) and plotted as polarizability volume
The temperature was changed at a rate of approximately 2 K / min. In agreement with previous reports 4 we find a deformation polarizability volume of approximately 87±4 Å 3 .
We also observe an additional weak thermally activated polarizability at low temperatures reminiscent of that reported for a C 60 single crystal by Alers et al. 5 . The exact temperaturedependence of the dielectric constant of C 60 remains controversial with Yan et al. 6 reporting an increase in capacitance upon increasing the temperature. The orientational polarizability of H 2 O@C 60 , following a temperature jump from 25 to 5 K, is shown in Fig. S3 . It may be written as α •, 5K (t) = ∆α(t) − ∆α ∞ , where ∆α(t) is derived from the low-temperature measurement and ∆α ∞ is derived from Fig. S3 .
Assuming that the equilibrium ortho-fraction at 25 K, Φ eq 25K is essentially preserved during the temperature jump, the orientational part of the polarizability is initially given as By taking into account higher rotational states, one calculate the dependence of the orientational polarizability on temperature. Figure S4 shows the polarizability volumes of ortho and para water versus temperature (red and blue solid curves, respectively), obtained as Boltzmann averages over the rotational ortho and para states up to J = 7. The polarizability volumes of ortho and para water separate below approximately 20 K. At high temperatures, the polarizability volumes can be approximated by a Curie law (dotted line in Fig. S4 ). At 50 K, the lowest temperature used to determine the dipole moment experimentally (see Fig. S1 and section IVC), the deviation between the quantum calculation and the Curie law amounts to 2.0 Å 3 , while at 250 K the difference is only 0.05 Å 3 . MOhm for all capacitors. The temperature is monitored using a Cernox temperature sensor that is attached to the ground-plane at the bottom side of one of the PCBs.
The fully assembled sample cell is attached to a 3D printed nylon support using a single fixing point. The nylon support is mounted in a home-built probe that consists of a glassreinforced plastic tube, glued into a KF50 / KF40 reducer cross (e.g. Kurt Lesker LTD) that hosts six SMA connectors and one Fischer connector for the capacitance and temperature measurements, respectively. To perform measurements below room temperature, the probe is fitted into a SpectrostatNMR cryostat (Oxford Instruments). The cryostat is equipped with a temperature controller which is connected to a computer to control and monitor the temperature.
The capacitances of the two filled capacitors are measured using the two channels of an 
NMR Measurement
The NMR spin conversion at 5 K was studied in a magnetic field of 14.1 T by using a cryogenic setup described previously 3 . In the reported experiment a saturation-recoveryacquire pulse sequence was used to monitor the NMR signal at regular time points. The pulse sequence consisted of a comb of 200 π/2-pulses seperated by 100 µs, followed by a recovery delay of 2 minutes and an excitation π/2 pulse. The duration of the pulses was 3 µs. The acquisition of the free induction decay started 10 µs after the excitation pulse to allow ring down of the probe. The integral of the phased spectra versus time of acquisition is shown in Fig. 3 . 
